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Abstract 
The population growth causes an increasing pressure on food sector so that the problem 
of malnutrition is a further concern in the today’s world. Nanotechnology is one of the 
new emergent technologies of the present century that would largely influence the world 
future. Convergence of nanotechnology and food science may lead to emerging abundant 
potentialities; thus, it is particularly paid attention in the new century. Nanomaterials 
provides a wide range of applications in producing, storing, packaging, bioavailability, 
and conductivity of nutrients. On the other hand, scholars and food producers industry 
mainly concern for the effect of using nanomaterials on the food safety due to unknown 
features and effects of nanomaterials. Regarding the wonderful potential of applying 
nanotechnology, a great revolution will be expected in this area. In this review, benefits 
and health risks of nanomaterial in nutrition and food sciences are highlighted. 
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1. Introduction 
 
The term of nanotechnology consists of the two parts nano meaning one billionth derived 
from the Greek word dwarf and technology. To better recognize nano scale it requires 
probing the world of atoms and molecules [1, 2]. A sugar molecule size is about one 
nanometer, comparing the ratio of this molecule and an apple is equal to the ratio of an 
apple to the globe. Nanotechnology as an innovative and practical technology resulted 
from the convergence of other sciences. In recent decades, it has been considered and 
increasingly developed so that it referred as the world second industrial revolution. This 
science, indeed, is the most critical economic potential key in the twenty-first century [3-
5]. Nanotechnology manipulates in very small sizes (usually 1-100 nanometers) and can 
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create structures with applied and new characteristics [6]. This technology is a new 
science branch, which recently initiated to influence other science domains including 
agriculture, biotechnology, environment, medicine, food and nutrition [7-9].  
Regarding lack of food supplies, population growth as well as widespread prevalence of 
food disorders, it seems necessary to develop food industry. The current challenge is to 
find a way that, on one hand, it provides essential nutrients for a healthy lifestyle and on 
the other hand, it provides a sufficient and stable food resource. Nutraceutical is a 
compound word consisting of the two terms nutrition and pharmaceutics. It generally 
referred as food components not only characterized by basic nutrition, but also have 
healthy and valuable biologic activity that prevent or cure diseases. The most important 
of which are vitamins, carotenoids, anthocyanins, flavonoids, sterols and essential fatty 
acids [10, 11]. Some of the nutrients are essential to perform vital functions, prevent 
diseases and maintain health. Using optimized transmission systems for these nutrients 
improves their absorption. Applying innovative technologies such as nanotechnology in 
this sector is a new approach that can be considered [12, 13]. As The most important 
components of nanotechnology in food and beverage industry can be mentioned to 
nanoparticles, nanocoatings, nanocomposites, nanoporous materials and nanocapsules. 
Nanotechnology in food domain can be utilized in different areas such as taste, texture, 
flavor, antimicrobial, attributes, nanosensors for monitoring the quality of food, 
absorption and bioavailability of nutraceuticals [14-17]. 
In recent years, nanotechnology turned into a critical element of food industry. However, 
some of nanotechnology applications are still controversial.  Metallic materials, for 
instance, in particular, silver particles and other nanoparticles largely used in packaging 
for preventing food spoilage can penetrate food texture, which may threat human health 
[18, 19]. Food industry, like any other sciences and industries, affected by changes 
resulted from nanotechnology developments and witnessed great changes in food 
production, processing, and distribution. This study reviews some of the common 
applications and studies conducted on applying nanotechnology in the area of nutrition 
and food industry and mentioned some of the challenges. 
 
 
 
2. Nanobiomaterials 
 
Nanomaterial referred to the material with synthetic or natural origin made through 
nanotechnology. These materials are combination of different sizes with controllable 
characteristics at nanoscale [20, 21]. Nanobiomaterials are new materials at interact of 
biomaterials and nanotechnologies, which remove former barriers and finally produce 
functions with global potential benefits [22]. Nanobiomaterials largely considered as the 
small size and particular characteristics in different biosciences. One of its functions is 
applying in food and nutrition discussion including transferring nutrients to the cell and 
improving its efficiency [23], adding desired color and taste to the food [24], adding 
nutrients sensitive to the heat and pH, as well as food safety [25, 26]. 
Different nanomaterials produced and applied in food industry, some of which have 
characteristics that used for creating new structures and adding desired features to food.  
Cochleates, for instance, are phospholipid bivalent sediments of natural materials 
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resistant to environmental factors. They also used for encapsulation and transferring 
many bioactive compounds such as hardly water soluble compounds, proteins, heat and 
pH sensitive nutrients as well as unfavorable environmental conditions [27]. Effective 
nutrient transferring system requires encapsulated active compounds method to a given 
known destination, have an appropriate concentration, be constant over a long period and 
prevent premature degradation [28]. Nanoparticles are more capable in encapsulating and 
releasing materials comparing former systems; in particular, due to the small size, they 
directly enter into circulatory system and improve conductivity [29].  
 
 
 
3. Nanocarriers in food and nutrition 
 
Some of the characteristics of a desirable transmission system include: the ability to carry 
adequate amounts of nutrient and protect it during processing, storing and transporting; 
the prevention of nutrients decomposition; the ability to combine with nutrient without 
changing its properties; the lack of stimulation of immune system; the ability of targeted 
transmission and controlled release, having the economic efficiency to transport nutrients. 
Nanocarriers can improve absorption of various compounds, so that this technology can 
be used to improve transmission system of nutrients [30, 31]. 
Food additive are functional components added to enhance food quality and durability 
such as drugs, emulsifiers, vitamins, antioxidants, flavors, antimicrobials, colorants, 
stabilizers, preservatives, etc [32, 33]. Food additives can be used as additives with a 
carrier such as nanocarriers. Nanocarriers are of nanostructures largely used in nutrition 
and food industry embracing biopolymers-based nanocarriers and nanostructure lipid 
carriers (nanocapsules, nanoemulsions, nanoliposomes, nanoniosomes, and solid lipid 
particles) [34, 35]. Characteristics of these structures, the potential and actual use in food 
and nutrition industry evaluated as follows (Figure 1).  
 
 
3.1. Nanoemulsions  
Nanoemulsions are the particles in 20-200 nanometer size with proper thermodynamic 
stability [36]. These particles are transparent solutions produced by two immiscible liquid 
phases through adding some surfactant; indeed, they are triple systems. Nanoemulsions 
produced through two methods of low-energy and high-energy emulsification [37]. 
Membrane emulsification, spontaneous emulsification, solvent substitution, reverse 
emulsion and reverse phase are of common methods of low-energy nanoemulsions. High-
energy emulsification of nanoemulsions produced by mechanical equipment including 
colloid mills, fast or high-pressure homogenizers and ultrasonic homogenizers [38, 39]. 
High-energy emulsification method has higher industrial application as controlling the 
size of emulsion particles and producing adequate and high-varied emulsions [40]. 
Nanoemulsions considerable applications in food industry included food enrichment, 
increased water solubility of critical nutrients and vitamins, improved efficiency of the 
reactions such as interesterification and hydrogenation [41, 42]. Nanoemulsions used for 
water, milk, beverages, vitamins, minerals and other compounds enrichment, which 
control functional compounds releasing in formulation and production of functional 
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drinks [43, 44]. Nanoemulsions often release their compounds through activations by 
heat, pH, sound frequencies, or other stimulants and adjust food color, taste, or nutrient 
contents according to gustatory or individual’s health conditions [15]. Antimicrobial 
effect of nanoemulsions in decontamination of food equipment, packaging materials and 
different food materials are other functions of nanoemulsions [45-47].  
 
 
Figure 1. Nanocarriers in food and nutritional sciences 
 
 
3.2. Nanoliposomes  
Liposomes are another type of nanostructures used to add functionality to foods. 
Nanoliposomes are colloidal particles composed of lipid molecules, which accumulate in 
the form of organized bilayer membranes once react to water. Imposing energy and shear 
force turns them into sphere [48, 49]. Liposomes can encapsulate hydrophilic active 
substances inside the membrane and at the surface, and hydrophobic substances between 
the membranes. Nanoliposomes are contrary to the lipophilic nanoemulsions, which 
contain and transfer hydrophobic or soluble elements. Further, internal pH is adjustable 
so that they can contain the elements, which are unstable under special conditions [50, 
51].  Liposomes are less interested in food industry due to the easily broken structure. 
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3.3. Nanoniosomes  
Nanoniosomes are used for transferring nutraceutical. Niosomes formed based on 
nonionic surfactants in aqueous environment enabling to overlap both types of 
hydrophilic and hydrophobic nutraceutical. Niosomes are structurally similar to 
liposomes; however, nisomes are more advantageous to liposomes in terms of higher 
stability, lower final price and biocompatibility as different ingredients [52, 53].  
 
 
3.4. Solid lipid nanoparticles (SLN) 
Solid lipid nanoparticles as nutrient transportation system are different from emulsions, 
liposomes, and polymeric nanoparticles. SLNs formed by substituting emulsified oil 
phase (O/W) with solid oil or a mixture of solid oils, meaning a combination of lipid 
matrix particles turns into solid at room temperature. SLNs formed through 0.1% to 30% 
solid lipid dispersed in the liquid phase and 0.5 to 5% of surfactants, also used if 
necessary. SLN size is in the range of 40-1000 nanometers [54, 55]. SLNs used in diet 
and nutrition as mean of delivering bioactive food components such as isoprenoides, fatty 
acids, phenolic compounds, proteins/amino acids, polysaccharides, minerals, etc [56].  
 
 
3.5. Biopolymer nanoparticles  
Biopolymer nanoparticles are solid bioactive particles with the diameter of 100 
nanometers or less [57]. They are now commonly used in drug delivery, gene transfer 
[57], anticancer [58] antibacterial [59, 60] and antifungal [61]. Food-grade biopolymers 
also used to produce nanoparticles. These biopolymer nanoparticles utilized for targeted 
delivery of nutrients such as vitamins, minerals, and pigments. These materials are also 
characterized as antimicrobial, which can be used in food packaging industry. However, 
in general, biopolymer nanoparticles are still limitedly used in nutritional systems [62].  
 
 
 
4. Important usage of nanotechnology in food industry 
 
The most important applications of nanotechnology include producing food with the 
possibility of changing their color, taste and nutrients in accordance with market needs; 
filters for removing toxins; improving flavors by passing through certain molecules based 
on the specific shape rather than size of the materials and using special packaging for 
identifying food spoilage and warning customers through color change. The areas of 
application of nanotechnology in food and beverage industry, which are currently under 
investigation, include improving the delivery of medicinal food and bioactive compounds 
to enhance human health; the flavor of medicinal bioactive compounds; solubility; 
controlled release and color correction of products; modified bioavailability; preserving 
the stability of micronutrients and bioactive compounds during the process of storage and 
distribution (Figure 2).  
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Figure 2. Important usage of nanotechnology in food industry 
 
 
4.1. Food production 
In the present competitive environment, factories and companies operating in food 
industry faced with many problems, like many other industries, in production and selling 
the products. Consumers seek for the tasty, healthy and high-quality products, which all 
directly related to production technology [63, 64]. Nowadays, food industry largely 
competes in technological term; therefore, it is necessary to utilize innovative 
technologies to develop and maintain the market in food industry and food processing. 
The future belongs to the processed, new products trying to meet the objectives including 
improved product performance, longer shelf life, freshness and food safety, that all of 
them achieved through utilizing nanotechnology [65, 66]. 
Tiny arrays of food additives can produce novel food groups by synthesizing required 
nutrients, flavor compounds, etc. In addition, synthesizing nutrients in food groups may 
change the taste, composition and attain producing new food products in various tastes 
and colors [67-69]. Nanotechnology also used for treatment of many diseases such as 
diabetes and obesity so that produce delicious food containing fat substitutes, and prevent 
fat storage by body; in addition, these foods have no adverse effect on body health [70, 
71]. Some materials have high nutritional values that are critical and necessary for body; 
though, rarely used due to the taste and nutritional habits. Applying nanotechnology can 
add these materials as food additives and produce enriched foods [25, 72].  
Some scholars believe that using molecular engineering, in the future, may provide the 
possibility of large quantities of foods without soil, seed and field. This technology would 
eliminate world hunger. Nanomachines in this technology produce the required nutrients 
Nanotechnology in 
food industry 
 
Food Production Food Preservation 
Food Packaging Food Safety 
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by carbon, hydrogen and oxygen atoms existing in water compound or air carbon dioxide 
rather cultivating the plants and rearing the animals to obtain protein and carbohydrates 
[73, 74]. Moreover, nanobots in food start moving in circulatory system and remove it 
from fat and other pathogenic remnants. Molecular food manufacturing considered as one 
of nanotechnology goals and appeal, which is not immediately achieved. Molecular foods 
eradicate the hunger, increase nutrients values and remove the risk of allergens in foods 
[75, 76].  
 
 
4.2. Food preservation 
Nanotechnology is effective in food preservation through three ways of disinfecting the 
surfaces, protecting of antioxidants and controlling enzymes activities [77]. Disinfecting 
residues is the critical strategy of fighting against harmful microorganisms [78]. 
Oxidation occurs in an oxygenated environment and high temperature. Antioxidants play 
a critical role in neutralizing such oxidation processes [79]. These are primarily the 
phenols found in most plant-based food products [80]. Therefore, evaluating antioxidant 
power of food products is a key task in term of food quality control.  
 
 
4.3. Nanobiosensors for food analysis 
Biosensor is a compact analysis device made up of a sensitive biological element closely 
interacting with a transducer. The diagnosis criterion is based on the specificity of the 
interaction of the analyte with the biological element [81]. The most common biological 
elements in biosensors are enzymes, antibodies, cell receptors, tissues and nucleic acids. 
The transducers used in biosensors include a variety of optical, electrochemical, 
piezoelectric and thermometers. The variety of nanostructures had been examined to 
determine the feasibility of their application in nanosensors. Some nanostructures used in 
nanobiosensors are nanoparticles, quantum dots, carbon nanotube and porous silicon 
amongst which nanoparticles and carbon nanotubes had been studied more [82]. 
Biosensors can be classified in terms of their type of biological element, function of 
transducers and application which are used for different purposes such as quality control 
and food safety. Biosensors are categorized to optical, magnetic, electrochemical, 
piezoelectric and thermometric groups based on the mode of signal transmission. The 
specific binding changes one or more of the physical and chemical properties such as 
changes in pH, electron transfer, heat transfer, absorbance or release of gases which are 
measured by the transducer [82, 83].  
Foodborne pathogens cause economic loss, human injuries and even death. The diagnosis 
of pathogeny is well established using different culture techniques, biological tests like 
ELISA assay to detect and enumerate pathogenic factors in food. Although the use of 
conventional methods to detect and differentiate various samples may be sensitive and 
inexpensive, biosensors provide the immediate analysis of sample [84]. In recent years, a 
variety of biosensors has been developed expedite the process of food quality control by 
diagnosing the pathogenic factors within some minutes. In this regard, nanotechnology 
plays a crucial role in the development of biosensors so that the diagnosis limit has been 
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improved to nanoscale [82]. Nanobiosensors with the integration of Nano and Bio 
technologies by electronic process are designed so that they can only react to a specific 
material in order to provide precise tracking and analysis devices in microscales by 
utilizing the power of photoelectron and microelectrodes and specific reaction to a 
specific substance. Nanobiosensors can be integrated with microbiochips to increase their 
functionality and performance which, in turn, result in microdevices that are portable, 
easy to use and cheap. These sensors are considered as useful devices in the diagnosis 
and control of hazardous contaminants and pathogenic bacteria in water and food 
products from animals and plants. These sensors provide the possibility of identifying the 
small amounts of detrimental chemical, viral and bacterial compounds in food system and 
bring about an outstanding transformation in food quality control [83].  
 
 
4.4. Food Packaging  
Food packaging and monitoring is the major focus of research and development (R&D) 
sectors in nanotechnology companies related to food industry. Financial perspectives of 
nanotechnology in packaging industry led to the prosperity of this technology [85, 86]. 
Some advantages of using nanomaterial in food packaging are higher physical efficacy 
and biodegradation of the packages, using surface nanocoatings to enhance inhibitory 
properties, applying nanomaterial with antimicrobial or antioxidant effect on the 
packaged food, utilizing nanosensors for food quality and safety evaluation [87].  
The primary purpose of plastic food packaging is to prevent content drying and protect 
from moisture and oxygen. Producing enriched plastics packaging of silicate 
nanoparticles or polymer nanomaterials prolongs direction of moisture, oxygen and other 
gases entering into packages; therefore, postpones food spoilage [88, 89]. It takes several 
days for current systems to discover pathogens in food; thus, it seems necessary to find 
more optimum alternatives. Nanotechnology may be used to faster and easier specify 
food spoilage. For this reason, portable nanosensors utilized to find hazardous chemicals, 
pathogens and toxics in food [90, 91]. By doing so, it is no longer need to send food 
samples to the laboratory to determine products health and quality in farms and 
slaughterhouses. Applying DNA biochip to detect pathogen is under development. This 
approach is used for detecting different noxious bacteria of meat, fish, fruits and 
vegetables [92-94].  
Microprocessors that send radio frequencies to wireless receivers can also be used in food 
packaging for controlling food items from store to the consumer in contrast to the 
barcodes, which require manual, one-by-one scanning. Radiofrequency identification 
(RFID) and surface acoustic wave (SAW) labels do not require linear read and large 
numbers read in one second. The main disadvantage of this method is the high cost of 
silicone production. Integrating nanotechnology and electronic (nanotronics) make these 
labels cheaper and more efficient; further, it is also easier to implement [95-97]. This 
technology, anyway, may have poisoning potential through transferring the toxins from 
packaging to food. Any chemical transfer must be kept under a given threshold [98]. 
Nanocomposite is referred to the composites which at least one of its components is in 
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nanoscale. Nanobiocomposites have not only nanoscale compounds but also bioactive 
compounds which are biodegradable and converts to their microunites by degrader 
creatures in environment. The variety of nanoparticles used in nanocomposites for food 
packaging specifies that nanomaterials, used in food packaging are divided into two 
groups of organic and inorganic materials. Accordingly, inorganic materials include 
nanoparticles of iron, silver, titanium, calcium, silica, etc. Nanocomposites are 
biodegradable and ecofriendly compounds which are widely used for food packaging [99, 
100].  
 
 
 
5. Safety of nanomaterials in food production 
 
Since the dynamic nature of nanomaterials, no general conclusion obtained on the safety 
of nanotechnology-based foods. In general, using nanoparticles in food packaging is more 
agreed at the community level comparing direct usage in food structure [101]. 
Developing nanotechnology in food industry requires attention and policy making in 
safety issue. The critical point of using nanomaterial is the possibility of toxin effect in 
the body; whereas, bulk materials lack such effects [102]. 
Conventional toxicology evaluates and determines materials safety only through three 
factors of dosage, chemical compositions and exposure; while, many factors considered 
in investigating nanoparticles safety including physical and chemical characteristics such 
as nanostructure, shape, agglomeration, aggregation, chemical composition, surface 
modification, surface charges, purity and impurities. This causes nanomaterials toxicity 
more difficult than conventional Toxins [103]. Food products containing nanoadditives 
are now increasing in market; lack of accurate and consistent regulations may increase 
risks of using these products. Nanoparticles have larger surface and are more reactive, 
which probably results in higher toxicity [104-106].  
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